INTRODUCTION
============

It is estimated that over 170 million people worldwide have hepatitis C in its chronic form ([@b1-cln_68p1555]). Currently, aside from the established consequence of liver injury, chronic hepatitis C virus (HCV) infection is associated with some metabolic disorders. Several studies have highlighted the association between HCV infection and lipid metabolism; however, the relationship between lipid profile and body composition in HCV carriers is less clear ([@b2-cln_68p1555]--[@b4-cln_68p1555]). Although the importance of nutritional assessment in this population is known, there is not yet a gold standard tool for assessing body composition in these subjects ([@b5-cln_68p1555]).

For more than 20 years, bioelectrical impedance analysis (BIA) has been used to assess body composition in several clinical situations. BIA measures the resistance to the movement of an electrical current through the body, allowing for the determination of the fat-free mass and total body water. The body offers two types of resistance to an electrical current, namely, capacitive Xc (reactance) and resistive (simply called resistance) resistance. One measurement of the relationship between capacitance and resistance is the phase angle (PhA), and its association with clinical outcomes has already been shown in different pathological situations ([@b6-cln_68p1555]--[@b12-cln_68p1555]).

There are few studies that have evaluated the association between PhA, anthropometric measures, and outcomes in patients with chronic liver disease. Selberg et al. showed that PhA was poorly correlated with disease severity ([@b6-cln_68p1555]). However, in their study, PhA was correlated with muscle mass and strength ([@b6-cln_68p1555]). In addition, Kahraman et al. evaluated 37 consecutive patients with HCV infection and showed that PhA reduction was associated with increased side effects following pegylated interferon-α and ribavirin treatment ([@b12-cln_68p1555]).

Although BIA is non-invasive, easy-to-use, portable, and inexpensive, this device is not available at all centers. Thus, in this scenario, anthropometric measures are one method for evaluating body composition ([@b5-cln_68p1555]). Despite the association between PhA and anthropometric data, chronically infected HCV patients have not yet been evaluated.

Therefore, the present study aimed to investigate the associations between PhA, anthropometric measures, and lipid profile in patients chronically infected with HCV.

MATERIALS AND METHODS
=====================

Subjects
--------

The present study was approved by the ethics committee of our institution, and written informed consent was obtained from all subjects. All patients chronically infected with HCV who underwent treatment at the hepatitis C outpatient unit of our hospital from April 2010 to May 2011 were prospectively evaluated. The inclusion criteria were naïve patients or lack of treatment with pegylated interferon and ribavirin for at least 1 year, completion of liver biopsy, and clinical diagnosis of liver cirrhosis. The exclusion criteria were liver cirrhosis with ascites, hepatitis B virus infection, HIV infection, chronic kidney disease, heart failure, and pregnancy. Bioelectrical impedance analysis and anthropometric measurements were performed during the first hospital visit. The lipid profile was considered in cases where it had been measured up to three months prior to the evaluation.

Assessment of Body Composition
------------------------------

Body height and weight were measured and used to calculate the body mass index (BMI) ([@b13-cln_68p1555]). Mid-arm circumference (MAC) was measured using a measuring tape, as previously described ([@b14-cln_68p1555]). Triceps skinfold (TSF) was measured according to the standardization of Harrison et al. ([@b15-cln_68p1555]). Mid-arm muscle circumference (MAMC) and arm muscle area (AMA) were obtained from the following respective formulas: MAMC = MAC-(π x TSF) and MAMC = MAC-πx(TSF/10) ([@b16-cln_68p1555]). All measurements were performed by the same researcher.

Bioelectrical Impedance Analysis
--------------------------------

BIA was conducted using a tetrapolar single-frequency apparatus (Biodynamic-450, Biodynamics Corporation, USA) that was applied to the skin using adhesive electrodes with the subject lying supine. PhA derived from the BIA was determined as previously described ([@b17-cln_68p1555]), and its values were calculated as follows: PhA = (arc tangent reactance/resistance \* (180°/π)).

Lipid Profile Data
------------------

Total cholesterol (TC), HDL-cholesterol (HDL), and triglycerides (TG) were measured using a dry-chemistry method. LDL-cholesterol (LDL) was calculated by the Friedwald formula.

Statistical Analysis
--------------------

Data are expressed as the mean ± SD or the median (including the lower and upper quartiles). The Spearman correlation was employed to evaluate the association between continuous variables. Multiple linear regressions were used for PhA prediction and adjusted for gender and age. Data analysis was performed using Sigma Stat 3.5 for Windows (Systat Software, Inc., San Jose, CA, USA). P values lower than 0.05 were considered statistically significant.

RESULTS
=======

Of the 160 consecutive patients initially evaluated, 25 were excluded (10 had incomplete data, 4 had not undergone liver biopsy, 8 had ascites, 1 was physically disabled, 1 had chronic kidney disease and 1 had heart failure). Thus, a total of 135 patients with a mean age of 49.8±11.4 y were assessed. Demographic, anthropometric, and laboratory data are listed in [Table 1](#t1-cln_68p1555){ref-type="table"}. Of the included patients, 60% were male. The PhA and BMI means were 6.5±0.8° and 26.5±4.8 kg/m^2^, respectively.

With regard to anthropometric variables, MAC, MAMC, and AMA presented a positive correlation with PhA. In contrast, when analyzing the lipid profile, only HDL was inversely correlated with PhA.

However, in multiple regression models adjusted for age and gender, only MAC (*p* = 0.005), MAMC (*p* = 0.003), and AMA (*p* = 0.001) were associated with PhA in HCV-infected patients ([Table 2](#t2-cln_68p1555){ref-type="table"}).

DISCUSSION
==========

The present study aimed to investigate the associations between PhA, anthropometric measures, and lipid profile in patients chronically infected with HCV. In our study, the mid-arm circumference, mid-arm muscle circumference, and arm muscle area were associated with PhA. There was no association between PhA and lipid profile in these patients.

PhA has been suggested as an indicator of cellular health, where higher values reflect higher cellularity, better cell membrane integrity, and better cell function. In healthy adults, age, gender, and BMI are the major determinants of PhA ([@b7-cln_68p1555]). Because PhA is a marker of the amount and quality of soft tissue mass and hydration, it has been considered a useful indicator of nutritional status ([@b7-cln_68p1555]).

Several studies found a strong correlation between nutritional status and PhA in patients with gastrointestinal and renal diseases, older adult patients, and patients with anorexia nervosa ([@b18-cln_68p1555]--[@b21-cln_68p1555]). Maggiore et al. demonstrated in hemodialysis patients who albumin, age, subjective global assessment, and protein catabolic rate were associated with PhA ([@b22-cln_68p1555]). However, other studies failed to show these associations ([@b7-cln_68p1555],[@b23-cln_68p1555]).

Despite these controversies concerning the results, a low PhA is associated with malnutrition, and mortality in some disease states. In patients with liver diseases, the association between PhA and nutritional status is not well established. In a study of cirrhotic patients with multiple etiologies, Selberg et al. showed that PhA discriminated poorly between cirrhosis patients of different Child-Pugh classes, although it was positively correlated with muscle area mass and muscle strength ([@b6-cln_68p1555]).

It is interesting to note that, in our study, there was no correlation between PhA and BMI, although PhA was positively correlated with MAMC and AMA. These results suggest that PhA is more closely correlated with lean body mass than with fat body mass in patients chronically infected with HCV.

In addition to alterations in body composition, HCV infection and its treatment interfere with the lipid profile. Several studies showed that HCV infection may be associated with lower serum cholesterol and triglyceride levels ([@b24-cln_68p1555]--[@b25-cln_68p1555]). Some studies also demonstrated that the plasma lipid profile may be a predictor of therapeutic response in patients with HCV ([@b26-cln_68p1555]--[@b27-cln_68p1555]).

Cholesterol and lipoproteins are required not only for the entry of HCV into hepatocytes but also for its viral assembly and replication ([@b27-cln_68p1555]). The LDL receptor was reported to facilitate HCV endocytosis into the liver; thus, high LDL may compete with HCV and limit the spread of the virus in hepatocytes ([@b28-cln_68p1555]). In addition, cholesterol is synthesized in the liver through the mevalonate pathway, which is also important for viral replication ([@b2-cln_68p1555]).

As stated previously, higher PhA values were associated with better nutritional status. In addition, higher levels of serum lipids were correlated with better outcomes in patients with HCV infection. Thus, our hypothesis was that PhA may also be associated with lipid profile in these patients. Despite all these studies, the relationship between the PhA and lipid profile in these patients has not yet been evaluated. In our study, PhA was not correlated with lipid profile when data were adjusted for age and gender. In agreement with our results, Santarpia et al. demonstrated the absence of a correlation between PhA and cholesterol in patients with advanced cancer ([@b8-cln_68p1555]).

An important implication of our results is that when BIA is not available, anthropometric measures, which can be used to estimate lean body mass, could be an alternative method of evaluating body composition in patients chronically infected with HCV.

Finally, we should consider the major limitations of the present study, namely, its small sample size and the fact that all of the patients had undergone treatment at a single medical center. In addition, for the BIA, we used a single-frequency apparatus that may have led to biased results in patients with extracellular fluid overload.

In conclusion, PhA was positively correlated with mid-arm circumference, mid-arm muscle circumference, and arm muscle area in our study. However, there was no association between PhA and lipid profile in these patients. Our results suggest that PhA is related to lean body mass in patients chronically infected with HCV.
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###### 

Demographic, anthropometric, and laboratory data from 135 patients with HCV.

  Variables           Results
  ------------------- -------------------
  Male (n/%)          81 (60%)
  Age (y)             49.8±11.4
  PhA (°)             6.5±0.8
  Resistance (Ohms)   538.4±99.7
  Reactance (Ohms)    60.8±11.2
  HDL (g/dL)          50.6±17.2
  TG (g/dL)           105 (79--142)
  TC (g/dL)           160.5±34.7
  LDL (g/dL)          85.2±29.8
  BMI (kg/m^2^)       26.5±4.8
  MAC (cm)            33.3±4.0
  TSF (mm)            21 (13--30)
  MAMC (cm)           25.9 (23.7--28.7)
  AMA (mm^2^)         45.5 (38--56.2)

PhA: phase angle; total cholesterol: TC; HDL-cholesterol: HDL; triglycerides: TG; LDL-cholesterol: LDL; BMI: body mass index; MAC: mid-arm circumference; TSF: triceps skinfold; MAMC: mid-arm muscle circumference; AMA: arm muscle area. Data are expressed as the mean ± SD, median (lower to upper quartile), or percentage.

###### 

Multiple linear regression models for phase angle prediction, adjusted for gender and age.

  Variables       Coefficient   Standard Error   *p*-value
  --------------- ------------- ---------------- -----------
  TC (mg/dL)      −0.002        0.002            0.189
  HDL (mg/dL)     −0.006        0.004            0.075
  LDL (mg/dL)     −0.0002       0.002            0.899
  TG (mg/dL)      −0.001        0.001            0.212
  BMI (kg/m^2^)   0.0208        0.0118           0.079
  MAC (cm)        0.0400        0.0140           0.005
  TSF (mm)        0.0042        0.0062           0.500
  MAMC (cm^2^)    0.0564        0.0184           0.003
  AMA (mm^2^)     0.0145        0.0042           0.001

Total cholesterol: TC; HDL-cholesterol: HDL; triglycerides: TG; LDL-cholesterol: LDL; BMI: body mass index; MAC: mid-arm circumference; TSF: triceps skinfold; MAMC: mid-arm muscle circumference; AMA: arm muscle area.
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